1. Introduction {#sec1}
===============

Platelet-rich plasma (PRP) is an autologous blood that concentrates platelets and contains diverse growth factors and cytokines \[[@bib1],[@bib2]\]. PRP therapy is a promising as that is simple, safe, low cost, and minimally invasive and could be used to promote the tissue repair process \[[@bib2], [@bib3], [@bib4]\]. PRP has recently been used as a therapeutic material in many fields. As the use of PRP has increased in the clinic, the number of clinical and basic studies supporting the efficacy of PRP therapy has also increased \[[@bib3], [@bib4], [@bib5], [@bib6], [@bib7]\]. However, some studies have shown less favorable results \[[@bib8],[@bib9]\], and evidence supporting the use of PRP in the clinical setting remains insufficient. Moreover, researchers have proposed several problems related to the use of PRP therapy.

First, although some studies have supported the efficacy of PRP in the clinical setting during the tissue repair process \[[@bib10], [@bib11], [@bib12], [@bib13]\], the molecular mechanisms through which PRP exerts these effects are still unclear. In a previous study, administration of PRP significantly increased angiogenesis during the early phase of the tendon repair process \[[@bib14]\]. However, the cells participating in the early phase of the PRP-dependent tissue repair process have not been identified. Second, although some classification systems based on leukocyte numbers, leukocyte activation status, and platelet concentration have been proposed \[[@bib15],[@bib16]\], few studies have been conducted to evaluate the effects of the quality of PRP on the tissue repair process. Therefore, the effects of differences in the quality of PRP remain unclear.

Generally, macrophages (MPs) are thought to play important roles in the early phase of the tissue repair process. MPs are unique effector cells in innate immunity and play critical roles in tissue repair \[[@bib17], [@bib18], [@bib19]\]. In addition, MPs comprise two phenotypically distinct subtypes, i.e., pro-inflammatory MPs (M1), which promote the inflammation phase, and anti-inflammatory MPs (M2), which promote the tissue regeneration phase. The timely shift from M1 to M2 is thought to be crucial for tissue repair \[[@bib19], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27]\].

In addition, there has been some discussion about whether the efficacy of the PRP is affected by the concentration and composition of leukocytes in the PRP \[[@bib28],[@bib29]\], particularly regarding leukocyte-rich PRP (LR-PRP) versus leukocyte-poor PRP (LP-PRP). Indeed, our previous work showed that the leukocyte concentration and composition in the PRP influenced the expression of growth factors and cytokines \[[@bib30]\]. Additionally, these leukocytes may have positive effects, such as antimicrobial effects, or negative effects, such as excessive inflammation, via the release of catabolic cytokines \[[@bib31],[@bib32]\]. Some studies have also suggested that LR-PRP possesses both catabolic and anabolic effects \[[@bib30],[@bib33],[@bib34]\], whereas LP-PRP exerts anabolic effects rather than catabolic effects in injured tissues \[[@bib30],[@bib35],[@bib36]\]. In contrast, some studies have suggested that LR-PRP and LP-PRP have similar safety profiles, and adverse reactions to PRP may not be directly related to leukocyte concentrations \[[@bib37],[@bib38]\]. Thus, further studies are needed to standardize the concentrations of leukocytes needed in optimal PRP, which may vary according to pathophysiology, and to elucidate the effects of molecular mechanisms on the quality of PRP.

In this study, we hypothesized that the tissue repair mechanism of PRP may involve both direct and indirect effects, e.g., recruitment of reparative cells through blood flow, particularly MPs, depending on the quality of PRP. Accordingly, we aimed to elucidate the effects of MPs on the tissue repair process and to evaluate the influence of PRP quality on the activity of MPs.

2. Methods {#sec2}
==========

2.1. Ethics statement {#sec2.1}
---------------------

All experimental procedures and protocols in this study were approved by the Institutional Animal Care and Use Ethics Committee of Juntendo University (approval number 300200).

2.2. Animals {#sec2.2}
------------

This study was a controlled laboratory study. In total, 58 female C57BL/6 mice (12 weeks old) and 108 female B6.129P-Cx3cr1^tm1Litt^/J mice expressing green fluorescent protein (GFP) in MPs obtained from The Jackson Laboratory (Bar Harbor, ME, USA) were used in this study. The effects of MPs on injured patella tendons were investigated by flow cytometry analysis.

2.3. Blood collection and PRP preparation {#sec2.3}
-----------------------------------------

LR-PRP and LP-PRP were prepared from whole blood (WB) of C57BL/6 donor mice (n = 40) using the double spin technique. Approximately 1 mL WB was drawn via cardiac puncture into a micro tube containing EDTA-2Na as an anticoagulant (Microtainer; BD Biosciences, Bedford, MA, USA). After the first spin (220×*g*, 10 min, 25 °C), the upper layer, buffy coat, and the layer below the buffy coat were transferred to another tube for LR-PRP, and the upper layer and buffy coat were transferred to another tube using the [original]{.ul} Tornado-N technique for LP-PRP ([Fig. 1](#fig1){ref-type="fig"}). After the second spin (2400 g, 10 min, 25 °C), the supernatant (platelet-poor plasma \[PPP\]) was removed, and approximately 100 μL PPP remained. The pellet from the bottom of each tube was resuspended in the remaining PPP to prepare LR-PRP and LP-PRP. LR-PRP and LP-PRP (50 μL each) was divided into another tube and cryopreserved at −80 °C until application ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1The Tornado-N technique for LR-PRP and LP-PRP preparation. The first spin was carried out at 220×*g* for 10 min at 25 °C, and the second spin was carried out at 2400×*g* for 10 min at 25 °C. After the first spin, the layer between the red layer (including neutrophils and erythrocytes) and the buffy coat (including platelets and a few lymphocytes) was shaken up carefully using a pipette.Fig. 1

2.4. Hematological analysis {#sec2.4}
---------------------------

The platelet, leukocyte, and erythrocyte concentrations and leukocyte compositions of whole-blood, LR-PRP, and LP-PRP samples were determined using an automated hematology analyzer (Poch-100iV Diff; Sysmex, Kobe, Japan) immediately after preparation.

2.5. Surgical procedure and PRP application {#sec2.5}
-------------------------------------------

Twelve-week-old [C57BL/6 mice and]{.ul} B6.129P-Cx3cr1^tm1Litt^/J mice were anesthetized with 4% isoflurane, a longitudinal skin incision was made over the patellar tendon. Then, full-thickness defects were created in the central third of the patellar tendon using a microsurgery technique described by Dyment et al. \[[@bib39],[@bib40]\]. Microtweezers were slid under the tendon and spread to tension the tendon. The central third of the patellar tendon was cut away with micro scissors ([Fig. 2](#fig2){ref-type="fig"}B). The cryopreserved PRP prepared from C57BL/6 mice was thawed, 0.5 mM calcium chloride (Sigma Aldrich, St. Louis, MO, USA) was added, and the samples were incubated for 1 h at 37 °C in a water bath to activate the PRP and form a gel ([Fig. 2](#fig2){ref-type="fig"}A,C).Fig. 2Surgical procedure and PRP application. A) PRP gel. B) A full-thickness defect was created in the central third of the patellar tendon. C) PRP gel was applied to the patellar tendon defect. PT = patellar tendon, TT = tibia tuberosity.Fig. 2

For histological analysis, C57BL/6 mice treated with LP-PRP (n = 12) or LR-PRP (n = 12) on the patellar tendon defect were defined as the PRP groups, and without application of PRP were defined as the control group (n = 12). For flow cytometry analysis, B6.129P-Cx3cr1^tm1Litt^/J mice treated with PRP on the patellar tendon defect were defined as the LR-PRP (n = 36) and LP-PRP groups (n = 36), and B6.129P-Cx3cr1^tm1Litt^/J mice without application of PRP were defined as the control group (n = 36). After the end of the procedure, the skin was closed with a 5--0 nylon suture. Mice were allowed to be fully active after the operation.

2.6. Histological analysis {#sec2.6}
--------------------------

Histological analysis were performed on postoperative day 7, 14, 28, or 42 (n = 3/time point/group) according to the method described by Kawamoto et al. \[[@bib41]\]. After euthanasia, hind limb were harvested an the femur and tibia were cut at midshaft. The samples were fixated with 4% paraformaldehyde (Nakarai Tesque, Kyoto, Japan) for 1h at 4 °C. After fixation, the samples were cryoprotected with 30% sucrose (ATAGO, Tokyo, Japan) overnight at 4 °C. After three times wash with 1x PBS, the samples were frozen in a cooled hexane (Nakarai Tesque, Kyoto, Japan), and then freeze embedded with carboxymethyl cellulose (CMC) gel (Leica microsystems, Wetzlar, Germany). Then, sagittal frozen sections (5 μm thickness) were made within the defect using a tungsten carbide blade. Each sample were stained with hematoxylin and eosin (H&E). Semi-quantitative histological evaluation of tendon healing process was performed in accordance with Bonar score \[[@bib42],[@bib43]\]. The variables included in this scoring system were cell morphology, collagen arrangement, cellularity, and vascularity with higher grades indicating worse tendon structure (each factor; 0--3 points).

2.7. Flow cytometry analysis {#sec2.7}
----------------------------

B6.129P-Cx3cr1^tm1Litt^/J mice from the three groups were sacrificed on days 1, 2, 4, 7, 14, or 28 after operation (n = 6/time point/group). CX3CR1-GFP mice were used to distinguish MPs derived from administrated PRP (GFP-negative) or recruited by host mice (GFP-positive). After euthanasia, the patellar tendons were harvested and dissociated using collagenase for 2 h. The solution was moved to Falcon round-bottom polypropylene tubes (Corning, NY, USA) for flow cytometry using a 100-μm nylon strainer**.** Fifty microliters of count beads (CountBright Absolute Counting Beads; Thermo Fisher Scientific, USA) and Fc blocking reagents were added to each tube, and tubes were centrifuged (180×*g*, 5 min, 4 °C). The supernatants were removed, and 80 μL of phosphate-buffered saline (PBS)/10% fetal calf serum (FCS) was added to each tube. Next, rat anti-mouse F4/80 APC antibodies (BioLegend, San Diego, CA, USA), rat anti-mouse CD11b Alexa Fluor 700 antibodies (BioLegend, San Diego, CA, USA) and rat anti-mouse Ly6C PerCP/Cy5.5 antibodies (BioLegend, San Diego, CA, USA) were added to each tube (volume: 10 μL). Tubes were then incubated on ice for 30 min and centrifuged (180×*g*, 5 min, 4 °C). The supernatants were removed, and 500 μL PBS/10% FCS +0.005% Hoechst was added. Compensation was performed on the BD LSRFORTESSA flow cytometer using BD FACSDiva software (BD Bioscience) at the beginning of each experiment. Data were analyzed using FlowJo software (FlowJo LLC, USA). Gating strategy was performed following exclusion of debris and cellular aggregates and live/dead discrimination. The positive populations were identified using unstained controls to determine the negative populations. The cells were plotted F4/80 and CD11b. We consider the positive populations as MPs. In the positive populations, the GFP-positive MPs were then distinguished from GFP-negative MPs. We counted absolute cell number of the GFP-positive MPs on each time points. Based on previous studies, characterizing Ly6C^hi^ MPs as M1 and Ly6C^lo^ MPs as M2 via flow cytometry \[[@bib20],[@bib25],[@bib44],[@bib45]\], CX3CR1^hi^Ly6C + cells were considered as M1 and CX3CR1^low^/Ly6C- cells as M2 \[[@bib20]\]. The GFP-positive MPs were then analyzed by plotting Ly6C against CX3CR1. We performed absolute cell counts of M1 and M2 to analyze M1/M2 ratio on each time points.

2.8. Statistical analysis {#sec2.8}
-------------------------

All data were presented as means ± standard deviations (SDs). All analyses were performed using GraphPad Prism ver6.0 (GraphPad Software, Inc., La Jolla, CA, USA). *P* values of less than 0.05 were considered statistically significant.

3. Results {#sec3}
==========

3.1. PRP characterization {#sec3.1}
-------------------------

The platelet concentrations in LR-PRP and LP-PRP were three folds higher than that of WB and there was no difference between LR-PRP and LP- PRP (versus WB: LR = 3.24 ± 0.32 fold, LP = 3.13 ± 0.39 fold; LR versus LP: *p* = 0.560; [Fig. 3](#fig3){ref-type="fig"}). LR-PRP had abundant populations of granulocytes (65.8 × 103 ± 18.5 × 103/μL) and lymphocytes (106.6 × 103 ± 21.0 × 103/μL) ([Fig. 3](#fig3){ref-type="fig"}), whereas LP-PRP had very few granulocytes (3.5 × 103 ± 2.3 × 103/μL) and lower level of lymphocytes (32.3 × 103 ± 11.5 x103/μL). The erythrocyte concentrations in LR-PRP were approximately 0.5-fold lower than that of WB and those of LP-PRP were very low (versus WB: LR = 0.50 ± 0.05 fold, LP = 0.04 ± 0.03 fold; LR versus LP: *p* \< 0.0001; [Fig. 3](#fig3){ref-type="fig"}).Fig. 3PRP characterization. Platelet, granulocyte, lymphocyte and erythrocyte concentrations in whole blood, LP-PRP, and LR-PRP. Data are presented as means ± SDs (∗P \< 0.05, ∗∗P \< 0.01, ∗∗∗P \< 0.001).Fig. 3

3.2. Histological findings {#sec3.2}
--------------------------

Histological analysis showed that the invasion of inflammatory cells occurred at initiation phase of tendon healing and gradually regenerated the tendon structure ([Fig. 4](#fig4){ref-type="fig"}A). On the day 7, inflammatory cells were abundantly observed in the LR-PRP and LP-PRP groups compared with control group. With regard to the Bonar score, total Bonar score was significantly improved both in LP and LR-PRP group in comparison with those of control group (on postoperative day 14: P \< 0.05, day 28: P \< 0.01, day42: P \< 0.001, [Fig. 4](#fig4){ref-type="fig"}B, and almost all of the variables of Bonar score significantly improved both in LR-PRP and LP-PRP groups in comparison with control group as well (cell morphology on postoperative day 28, 42: P \< 0.01, cellularity on postoperative day 7, 14, 28, 42: P \< 0.05, vascularity on postoperative day 7, 14, 28,42: P \< 0.001, collagen arrangement on postoperative day 7, 14, 28, 42: P \< 0.05, [Fig. 4](#fig4){ref-type="fig"}C). The tendon healing was significantly earlier in LP-PRP group than those of LR-PRP group on postoperative day 28 (total Bonar score, P \< 0.001), and collagen arrangement was improved earlier in LP-PRP than LR-PRP group on day 28 (P \< 0.01, [Fig. 4](#fig4){ref-type="fig"}C). The vascularity was significantly high in LR-PRP group on day 28 (P \< 0.001). In other variables such as cell morphology and cellularity score, there were no significant differences between LR-PRP and LP-PRP groups in any time points.Fig. 4Histological analyses of patellar tendon. A) Hematoxylin and Eosin staining of sagittal section of patellar tendon. Magnifications are 20× (upper panels) and 200 x (lower panels). This figure showed the representative results of samples in each groups. B) The total Bonar score on each time points. C) The variables of Bonar score on each time points. Data are presented as means ± SDs (✧LP vs control, ✧ ✧ LR vs control, ✧ ✧ ✧ LP vs LR, ∗P \< 0.05, ∗∗P \< 0.01, ∗∗∗P \< 0.001).Fig. 4

3.3. Flow cytometry findings {#sec3.3}
----------------------------

At first, the F4/80 and CD11b positive cells in the repaired tendon tissue were gathered, then GFP-positive cells were counted as MPs recruited from host mouse not from PRPs ([Fig. 5](#fig5){ref-type="fig"}A). Flow cytometry analysis showed that the number of GFP-positive MPs around the patellar tendon defects in the LR-PRP and LP-PRP groups were gradually increased from postoperative day 1 and significantly increased on postoperative day 4 and 7 in comparison with the control group (day 4: control = 1308 ± 550 cells, LR = 47,538 ± 19,948 cells, LP = 36,905 ± 10,961 cells; *p* values: control versus LR \< 0.001, control versus LP \< 0.001, LR versus LP = 0.9304/day 7: control = 4587 ± 1110 cells, LR = 47,179 ± 12,757 cells, LP = 63,177 ± 13,682 cells; *p* values: control versus LR = 0.031, control versus LP = 0.004, LR versus LP = 0.580) ([Fig. 5](#fig5){ref-type="fig"}B). Next, the GFP-positive MPs were sorted with Ly6C and CX3CR1 antibody to analyze the absolute cell counts of M1 and M2 MPs recruited from host mice ([Fig. 6](#fig6){ref-type="fig"}A). The number of M1 in control group was highest on postoperative day 28, while those in the LR-PRP and LP-PRP groups were highest at day 4 and decreased with time ([Fig. 6](#fig6){ref-type="fig"}B). The number of M1 were significantly higher than those of controls on postoperative day 4 and 7 (day 4: control = 485 ± 335 cells, LR = 31,964 ± 14,070 cells, LP = 23,030 ± 6953 cells; p values: control versus LR \< 0.001, control versus LP \< 0.001, LR versus LP = 0.7838/day 7: control = 1450 ± 313 cells, LR = 14,930 ± 2959 cells, LP = 14,918 ± 1488 cells; p values: control versus LR \< 0.001, control versus LP \< 0.001, LR versus LP = 0.999). Similarly, the number of M2 in control group was highest on postoperative day 28, while in the LR-PRP and LP-PRP groups were highest on postoperative day 7. The numbers of M2 were significantly higher in LP-PRP group than those of controls on postoperative day 7 and 14 (day 7: control = 724 ± 180 cells, LR = 14,254 ± 5715 cells, LP = 26,337 ± 8276 cells; *p* values: control versus LR = 0.257, control versus LP = 0.018, LR versus LP = 0.331/day 14: control = 437 ± 139 cells, LR = 5624 ± 2936 cells, LP = 10,270 ± 3590 cells; *p* values: control versus LR = 0.257, control versus LP = 0.018, LR versus LP = 0.331) ([Fig. 6](#fig6){ref-type="fig"}B).Fig. 5The count of MPs after PRP therapy. A) Flow cytometry analysis. The MPs were analyzed by plotting F4/80 and CD11b. Then, the GFP-positive MPs were counted to distinguish MPs host origin from MPs contained in administrated PRP. This figure showed the representative results of a sample in LR-PRP group. B) The absolute cell counts of the GFP-positive MPs on each time points. Data are presented as means ± SDs (∗*P* \< 0.05, ∗∗*P* \< 0.01, ∗∗∗*P* \< 0.001).Fig. 5Fig. 6Calculation of M1/M2 ratio in each time point. A) The GFP-positive MPs were sorted with plotting Ly6C and CX3CR1 to count the absolute cell numbers of M1 and M2 MPs. This figure showed the representative results of each group. B) The absolute cell counts of the M1 MPs and M2 MPs on each time points. C) The M1/M2 ratio on each time points were performed. Data are presented as means ± SDs (✧LP vs control, ✧ ✧ LR vs control, ✧ ✧ ✧ LP vs LR, ∗P \< 0.05, ∗∗P \< 0.01, ∗∗∗P \< 0.001).Fig. 6

Finally, the M1/M2 ratio was analyzed. M1/M2 ratio \>1 means that there are relatively more M1 than M2 MPs. In control group, M1/M2 ratio was highest on postoperative day 14, while those in LP- and LR-PRP was highest on postoperative day 1 ([Fig. 6](#fig6){ref-type="fig"}C) (day 1: control = 1.14 ± 0.39 folds, LR = 11.48 ± 5.42 folds, LP = 10.06 ± 4.73 folds; *p* values: control versus LR = 0.247, control versus LP = 0.340, LR versus LP = 0.970). The ratio of M1/M2 was below 1.0 only in LP-PRP groups at day 7 and 14 (day 7: control = 2.81 ± 0.81 folds, LR = 1.89 ± 0.19 folds, LP = 0.49 ± 0.08 folds; *p* values: control versus LR = 0.389, control versus LP = 0.010, LR versus LP = 0.134/day 14: control = 5.14 ± 1.50 folds, LR = 2.11 ± 1.09 folds, LP = 0.36 ± 0.10 folds; *p* values: control versus LR = 0.028, control versus LP = 0.009, LR versus LP = 0.857), therefore, both LP- and LR-PRP enhanced the recruitment of MPs but LP-PRP could lead more M2 phenotype that decrease inflammation and encourage tissue repair.

4. Discussion {#sec4}
=============

The tissue repair process is traditionally divided into three sequential phases: inflammation, proliferation, and remodeling \[[@bib46],[@bib47]\]. Platelets are the first cells that are accumulated at an injured site and initiate the repair process by secreting various cytokines and growth factors \[[@bib48]\]. PRP has been used based on the hypothesis that cytokines and growth factors secreted by platelets will activate the tissue repair process by affecting the local cells at injured site \[[@bib46]\]. In addition, PRP has been known to enhance angiogenesis during early tendon repair \[[@bib14]\]. In this study, we revealed that PRP enhanced the recruitment of MPs from early phase of tendon repair and demonstrated that those cells were originated from not administrated PRP but from blood flow. This observation suggested that the cytokines and growth factors released from PRP would enhance the cell migration and invasion of MPs from immediately after the administration of PRP. This study demonstrated that this process is one of the mechanisms of PRP-enhanced tissue repair system.

MPs are essential for early-phase tissue repair. In addition, the balance between M1 and M2 is thought to be important for this process. M1 MPs are thought to promote the inflammation phase by producing cytokines/chemokines, such as C--C motif chemokine ligand 2, monocyte chemoattractant protein-1, inducible nitric oxide synthase, tumor necrosis factor-α, interleukin (IL)-12, IL-1β, and vascular endothelial growth factor. In contrast, M2 MPs promote the proliferation and remodeling phases by producing cytokines/chemokines, such as IL-4, IL-10, transforming growth factor-β, arginase-1, insulin-like growth factor-1, and platelet-derived growth factor-β \[[@bib20],[@bib25],[@bib49]\]. In our data, both M1 and M2 in control group gradually increased with time and the peak of M1/M2 ratio was day 14 ([Fig. 6](#fig6){ref-type="fig"}). On the other hand, in the PRP groups, the peak was observed in early phase of tendon healing (M1: day 4, M2: day 7) and M1/M2 ratio was highest at the day after PRP administration (day1) both in LR- and LP-PRP. This observation suggests that PRP administration enhances the inflammation and initiate the tissue remodeling state. Therefore, PRPs would exert their effect especially in the degenerative tissue conditions with low or no blood supply as PRP enhances the recruitment of MPs via chemotaxis manner independent of blood flow.

In this study, we demonstrated that local application of LR-PRP and LP-PRP to injured tissue promoted the recruitment of MPs derived from peripheral tissues and blood. Importantly, recruitment of reparative cells during the early phase is essential for inducing the normal cycle of the tissue repair process. Thus, local application of PRP could enhance the tissue repair process via not only direct mechanisms, such as inducing the proliferation of localized cells via growth factors within the PRP, but also indirect mechanisms, such as recruitment of reparative cells, particularly MPs, through peripheral tissue and blood flow ([Fig. 7](#fig7){ref-type="fig"}). Moreover, some reports have described the association between PRP and MPs subtypes. For example, Omar et al. suggested that PRP caused suppression of inflammation and induction of M2 MPs \[[@bib50]\]. Accordingly, we hypothesized that the activity of MPs may be influenced by PRP quality, particularly the concentration and composition of leukocytes. We demonstrated that LR-PRP mainly enhanced the effects of M1 MPs, whereas LP-PRP more strongly induced the activity of M2 MPs. Commonly, M1 MPs can be generated by stimulation with bacterial lipopolysaccharides (LPS) in combination with IFN-γ. On the other hand, M2 MPs can be generated by various stimulation such as IL-4, IL-10 produced by Th2 lymphocyte \[[@bib51]\]. The biological basis for this may be in the relative level of inflammatory versus anti-inflammatory mediators present in LR-PRP and LP-PRP. Inflammatory mediators such as TNF-α, IL-6, and IFN-ϒ are increased significantly in the presence of LR-PRP, whereas injection of LP-PRP increases anti-inflammatory mediators such as IL-4 and IL-10 \[[@bib52],[@bib53]\]. This would be affected by the composition and concentration of leukocytes, platelets, and erythrocytes in PRP. It is known that granulocytes and erythrocytes abundantly contained in LR-PRP secrete a lot of inflammatory mediators, while lymphocytes abundantly contained in LP-PRP secrete a lot of anti-inflammatory mediators as represented by Th2 lymphocytes \[[@bib54]\]. Also, These findings indicated that LR-PRP may cause a more pronounced inflammatory phase and that the acute infiltration and subsequent recruitment of inflammatory cells may stimulate the tissue repair process more rapidly. In contrast, LP-PRP may enhance the proliferation and remodeling phases more rapidly due to its strong potential to induce anabolic effects. Specifically, LR-PRP may need to be selected owing to its catabolic effects on the pathophysiology of degenerative changes in tissues, such as intractable tendinopathy.Fig. 7Proposal of the tissue healing mechanism of PRP therapy. Local application of PRP could enhance the tissue repair process via not only direct mechanisms acting to the localized mesenchymal cells but also via indirect mechanisms through recruitment of tissue reparative cells.Fig. 7

A recent meta-analyses of PRP in tendinopathy showed that LR-PRP was associated with strongly positive outcomes \[[@bib49],[@bib55]\]. In contrast, LP-PRP may have to be used in to exploit its anabolic effects, e.g., in osteoarthritis, tendon rupture, and pulled muscles. Accordingly, the optimal PRP may differ depending on the specific disease pathophysiology. In this study, we found that PRP promoted tendon repair through recruitment of MPs and that the leukocyte concentration and composition of PRP influenced the shift from M1 to M2 MPs. To the best of our knowledge, this is the first report describing these findings, and we expect that these results will contribute to elucidation of the mechanisms through which PRP therapy promotes the tissue repair process.

There are some limitations to this study. First, we used allogeneic PRP in this study; we could not use autologous PRP. However, the inbred animals used in this study are thought to be nearly identical to each other. Second, the murine patellar tendon defect model used in this study does not truly replicate human chronic degenerative changes. Third, we didn\'t administrate saline or platelet-poor plasma on the defect of patellar tendon in control group, therefore, there is possibility that the effect of inducing macrophages in LR-PRP and LP-PRP groups would be caused by foreign--body reaction. Forth, we have not confirmed whether tendon healing with PRP therapy is inhibited by suppression of the actions of MPs during the early phase of the tissue healing process. Further studies are needed to address these issues.

5. Conclusions {#sec5}
==============

PRP therapy promoted the recruitment of macrophages in the process of tendon healing, and the leukocyte concentration and composition of PRP influenced the balance between M1 and M2 MPs. Thus, these results suggested that the tissue repair mechanism of PRP may involve both direct and indirect effects, with the latter being related to recruitment of reparative cells from the blood in a PRP quality-dependent manner. For further improvement of the efficacy of PRP therapy according to the specific pathophysiology of the disease, additional studies are needed to elucidate the mechanisms through which PRP quality affects tissue repair.
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